Micronucleus induction in V79 cells by the anabolic doping steroids desoxymethyltestosterone (madol) and 19-norandrostenedione.
The abuse of anabolic steroids for doping raises concerns. Many of these compounds have never been examined for their toxicological properties. Aside from hormonal (androgenic) activity, anabolic steroids may also exert genotoxic effects. In the present study, we determined the potencies of the "designer steroid" madol (MAD) and the anabolic prohormone 19-norandrostenedione (NA) to induce micronuclei in V79 cells in vitro. CREST analysis was used to differentiate between aneugenic and clastogenic mechanisms of micronucleus induction. Cytotoxicity of the steroids and their influence on the cell cycle were assessed in parallel. In addition, the ability of MAD and NA to increase production of reactive oxygen species and to induce apoptosis were studied. Both agents caused a concentration-dependent increase in the rates of micronuclei in V79 cells, exceeding a doubling of the background micronucleus rates of untreated controls, which was evident at 27microM and 29microM for MAD and NA, respectively. The steroid-induced micronuclei were predominantly kinetochor (CREST)-negative, pointing to a clastogenic mode of action. As cytotoxicity of both compounds is weak (IC(20) value of 300microM for NA and IC(10) of 100microM for MAD), cytotoxicity was unlikely to contribute to their genotoxicity. The observed genotoxicity of both compounds was due neither to apoptosis induction nor to production of reactive oxygen species. However, the ability of both steroids to induce micronuclei appears related to their lipophilicity. Therefore, a "non-specific" chromosomal genotoxicity of MAD and NA, based on hydrophobic interactions, appears likely. This could well result in biologically relevant increases in chromosomal damage as soon as critical concentrations of the agents are reached in vivo. Regarding the current misuse of the steroids for doping, the uncontrolled administration of very high doses must be considered. Therefore it cannot be ruled out that MAD and NA present genotoxic hazards under current misuse conditions by athletes in sports or in body building.